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CLOCK DATA RECOVERY CIRCUITRY 
ASSOCIATED WITH PROGRAMMABLE 
LOGIC DEVICE CIRCUITRY 

This application claims the benefit of U.S. 
provisional patent application No. 60/189,212, filed 
March 14, 2000, which is hereby incorporated by 
reference herein in its entirety. 

Background of the Invention 

This invention relates to clock data recovery 
circuitry, and more particularly to clock data recovery 
circuitry that can be provided on or in association 
with programmable logic devices. 

An increasingly important type of signaling 
between devices is signaling in which the clock signal 
information is embedded in a serial data stream so that 
no separate clock signal needs to be transmitted. For 
example, data may be transmitted serially in "packets" 
of several successive serial data words preceded by a 
serial "header" that includes several training bits 
having a predetermined pattern of binary ones and 
zeros. The clock signal information is embedded in the 
data signal by the high-to-low and/or low-to-high 
transitions in that signal, which must have at least 
one high-to-low or low-to-high transition within a 
certain number of clock signal cycles. At the receiver 
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the clock signal is "recovered" from the data signal 
for use in properly processing the data in the data 
signal. For convenience herein this general type of 
signaling will be referred to generically as "clock 
5 data recovery" or "CDR" signaling. 

CDR signaling is now being used in many 
different signaling protocols. These protocols vary 
with respect to such parameters as clock signal 
frequency, header configuration, packet size, data word 
^ 10 length, number of parallel channels, etc. 

Programmable logic devices ("PLDs") are well 
jS known as shown, for example, by such references as 

lfj Cliff et al. U.S. patent 5, 689, 195, Cliff et al . U.S. 

patent 5,909,126, Jefferson et al . U.S. patent 
W 15 application No. 09/266,235, filed March 10, 1999, and 

O Ngai et al. U.S. patent application No. 09/516,921, 

W filed March 2, 2000. In general, a PLD is a general- 

jy purpose integrated circuit device that is programmable 

p to perform any of a wide range of logic tasks. Rather 

20 than having to design and build separate logic circuits 
for performing different logic tasks, general-purpose 
PLDs can be programmed in various different ways to 
perform those various logic tasks. Many manufacturers 
of electronic circuitry and systems find PLDs to be an 
25 advantageous way to provide various components of what 
they need to produce. 

CDR signaling is an area in which it would be 
highly desirable to have the ability to use PLDs to 
avoid having to always design and build CDR 
30 transmitters and receivers that are specific to each of 
the many different CDR protocols. 
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Summary of the Invention 

In accordance with this invention, CDR 
circuitry is provided which may include CDR receiver 
circuitry, CDR transmitter circuitry, and/or both CDR 
5 receiver circuitry and CDR transmitter circuitry. The 
CDR circuitry of this invention is preferably 
programmable in at least some respects and may either 
be included on an integrated circuit with other more 
traditional PLD circuitry, or it may be at least partly 
f3 10 included on a separate integrated circuit. If the CDR 

J| circuitry is at least partly on a separate circuit, it 

S3 may be configured to facilitate efficient coupling to a 

:{J more traditional PLD integrated circuit (e.g., in a 

*p common package with the PLD) . 

\~ 15 CDR receiver circuitry in accordance with the 

O invention preferably receives a separate, additional 

: „ : 

reference clock signal from the source of the CDR data 
^aJ signal to be processed or from another suitable 

reference clock signal source. The frequency of the 

20 reference clock signal has a known relationship to the 
clock frequency of the CDR data signal, but it does not 
have to be in phase with the CDR data signal. The 
requirement for a separate reference clock signal 
deviates from typical CDR signaling, but it helps make 

25 it possible for the circuitry of this invention to be 
programmable to operate at any of wide range of CDR 
frequencies. And because the separate reference clock 
signal is not required to have any particular phase 
relationship to the CDR data signal, there are no 

30 constraints regarding possible skew (i.e., phase shift) 
between the reference clock signal and the CDR data 
signax. (Problems associated with skew are among the 
principal motivations for using CDR signaling, because 



with CDR signaling the clock signal is embedded in the 
data signal and therefore can never become skewed 
relative to the data signal,) The CDR receiver 
circuitry uses the reference clock signal and the CDR 
5 data signal to recover the embedded clock signal from 
the CDR data signal. Various parameters used in this 
recovery of the CDR data signal clock are preferably 
programmable. The recovered clock signal may be used 
to deserialize the CDR data signal, again using 
10 preferably programmable parameters such as a word 
*g length parameter. The deserialized data may then be 

jj! synchronized or -buffered for processing in a different 

|fl clock regime (e.g., in accordance with a clock signal 

^ in more traditional PLD circuitry that is associated 

iij 15 with the CDR circuitry) . 

U CDR transmitter circuitry in accordance with 

\d the invention also preferably receives a separate, 

H additional reference clock signal from the intended 

□ destination of the CDR data signal to be transmitted or 

E? ~ 20 from another suitable reference clock signal source. 

This reference clock signal has characteristics similar 
to those described above for the reference clock signal 
used by the CDR receiver circuitry. The source of the 
data to be transmitted may be traditional PLD circuitry 
25 associated with the CDR transmitter circuitry. The 

data to be transmitted may be presented as successive 
words of several parallel bits. Various 
characteristics of this data (e.g., word frequency, 
word length, etc.) are preferably selectable (i.e., 
30 programmable) . The reference clock signal mentioned 
earlier in this paragraph may be processed in 
accordance with preferably programmable parameters and 
may then be used to synchronize the flow of the data to 
be transmitted into the CDR transmitter circuitry. The 
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processed reference clock signal may also be used to 
serialize the bits of each word of the data to be 
transmitted, preferably in accordance with a word 
length parameter which is programmably selectable. The 
5 resulting CDR data signal is then output by the CDR 
transmitter circuitry . 

In addition to the aspects of programmability 
that have already been mentioned, the CDR receiver 
and/or transmitter circuitry of this invention may also 

10 be programmable in other respects. For example, the 
CDR circuitry may include the capability of operating 
selectable numbers of CDR data receiver and/or 
transmitter subcircuits in parallel. As another 
example, the CDR circuitry may include the capability 

15 of handling a selectable number of different reference 
clock signals in parallel, and therefore operating a 
selectable number of different CDR receivers and/or 
transmitters in parallel. 

The circuitry of this invention may also be 

20 programmable to alternatively support other types of 
non-CDR signaling such as non-CDR low-voltage 
differential signaling ("LVDS") . The circuitry of this 
invention may be constructed to provide signals such as 
loss of lock and run length violation signals that can 

25 be used as indications that various parts of the 

circuitry need to be reset. Circuitry for facilitating 
reset and/or power down of various portions of the 
circuitry can also be provided. Circuitry for 
selectively creating various types of test loops in the 

30 circuitry may be provided to facilitate testing various 
portions of the circuitry. Circuitry for programmably 
modifying a reference clock signal in rtain modes of 
operation (especially a reference clock signal output 
by the programmable logic device) may also be provided. 
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Because the invention facilitates handling 
CDR data with a PLD, the logic of the PLD can be used 
to manipulate the data in accordance with whatever 
protocol is being used (e.g., with respect to such 
5 aspects as byte alignment, comma detect, word length, 
or any other aspect of decoding the data on the 
receiver side and/or encoding the data on the 
transmitter side) . The present combination of CDR and 
PLD circuitry is theriefore very advantageous, 
10 Further features of the invention, its nature 

and various advantages will be more apparent from the 
accompanying drawings and the following detailed 
description of the preferred embodiments. 



Brief Description of the Drawings 

13 15 FIG. 1 is a simplified schematic block 

diagram of an illustrative embodiment of CDR signaling 
l^j apparatus in accordance with the invention. 

H FIG. 1A is a simplified schematic block 

diagram showing an alternative embodiment of CDR 
20 signaling apparatus in accordance with the invention. 

FIG. 2 is a more detailed, but still 
simplified, block diagram of an illustrative embodiment 
of a portion of the FIG. 1 apparatus in accordance with 
the invention. 
25 FIG. 3 is a more detailed, but still 

simplified, schematic diagram of an illustrative 
embodiment of a portion of the FIG. 2 apparatus in 
accordance with the invention. 

FIG. 4 is a more detailed, but still 
30 simplified, block diagram of an illustrative embodiment 
of another portion of the FIG. 1 apparatus in 
accordance with the invention. 



FIG. 5 is a more detailed, but still 
simplified, block diagram of an illustrative embodiment 
of still another portion of the FIG. 1 apparatus in 
accordance with the invention. 
5 FIG. 6 is a more detailed, but still 

simplified, block diagram of an illustrative embodiment 
of yet another portion of the FIG. -1 apparatus in 
accordance with the invention. 

FIG. 7 is a simplified schematic block 
10 diagram of another illustrative embodiment of CDR 
J signaling apparatus in accordance with the invention. 

FIG. 7A is a simplified schematic block 
m diagram of yet another illustrative embodiment of CDR 

> signaling apparatus in accordance with the invention. 

m 15 FIG. 8 is a more detailed, but still 

] n simplified, block diagram of an illustrative embodiment 

l=J of a portion of the FIG. 7 apparatus in accordance with 

\~. the invention. 

Q FIG. 9 is a more detailed, but still 

20 simplified, block diagram of an illustrative embodiment 
of still another portion of the FIG. 7 apparatus in 
accordance with the invention. 

FIG. 10 is a simplified schematic block 
diagram of a representative portion of an illustrative 
25 embodiment of a programmable logic device which 

combines features from the earlier FIGS, and other 
features in accordance with the invention. 

FIG. 10A is a simplified schematic block 
diagram of an illustrative embodiment of circuitry that 
30 may be included in the FIG. 10 circuitry in accordance 
with the invention. 

FIG. 10B is a simplified schematic block 
diagram of an illustrative embodiment of other 
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circuitry that may be included in the FIG. 10 circuitry 
in accordance with the invention. 

FIG. 10C is a simplified schematic block 
diagram showing an illustrative embodiment of possible 
5 modifications of representative portions of the FIG. 10 
circuitry in accordance with the invention. 

FIG. 11A is a simplified block diagram 
showing an alternative embodiment of circuitry of the 
type shown in FIG. 10 in accordance with the invention. 
10 FIG. 11B is a simplified block diagram 

showing another alternative embodiment of circuitry of 
the type shown in FIG. 10 in accordance with the 
invention. 

FIG. 11C is a simplified block diagram 
15 showing still another alternative embodiment of 

circuitry of the type shown in FIG. 10 in accordance 
with the invention. 

FIG. 12 is a simplified block diagram of an 
illustrative system employing circuitry in accordance 
20 with the invention. 

FIG. 13A is a simplified schematic block 
diagram showing an illustrative embodiment of a 
representative portion of the FIG. 11B circuitry in 
more detail. 

25 FIG. 13B is a simplified schematic block 

diagram showing another representative portion of the 
FIG. 11B circuitry in more detail. 

Detailed Description of the Preferred Embodiments 

FIG. 1 shows an illustrative embodiment of 
30 CDR signaling apparatus 10 in accordance with the 

invention This apparatus includes CDR signal source 
20 and receiver 40. Although elements 20 and 40 could 
be on the same integrated circuit, that is generally 
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not the case and they are more typically portions of 
separate integrated circuits or circuit assemblies. 
For example, in systems like those shown in FIG. 12, 
receiver 40 could be part of element 500/600, while 
5 source 20 could be part of any other element (s) 1004, 
1006, 1008, and/or 1010. 

CDR signal source 20 includes reference clock 
signal source 22 and CDR data signal source 30, which 
can be conventional or substantially conventional. 

10 Reference clock signal source 22 produces a reference 
clock signal having a precise frequency relationship to 
the clock frequency embedded in the CDR data signal 
produced by CDR data signal source 30. For example, 
reference clock signal source 22 can produce a 

15 reference clock signal having the same frequency as the 
clock frequency embedded in the CDR data signal or any 
convenient fraction or multiple of the embedded clock 
frequency. In particular, the reference clock signal 
frequency REFCLK is related to the embedded clock 

20 frequency EMBCLK by the following relationship: 

RE FCLK*W = EMBCLK, 

where W is a convenient scale factor such as 0.5, 1, 2, 
4, etc. The dotted line between elements 22 and 30 
indicates that there is such a frequency relationship 

25 between the outputs of those elements, and indeed the 
reference clock signal produced by source 22 (or some 
frequency-divided or frequency-multiplied version of 
that signal) may be used by element 30 to establish the 
frequency of the CDR data signal. There does not, 

30 however, need to be any particular phase relationship 
between tl^e output signals of elements 22 and 30. 

The output signal of reference clock signal 
source 22 is applied to conventional differential 
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signaling driver 24 to produce a pair of differential 
REFCLK output signals on leads 2 6a and 2 6b. (This is 
optional. The reference clock signal could instead be 
transmitted between elements 20 and 40 as a single 
5 signal on a single lead if desired.) 

As has been mentioned, CDR data signal source 
30 can be a conventional source of a CDR data signal. 
That signal is applied to conventional differential 
signaling driver 32 to produce a pair of differential 
^ 10 CDR data output signals on leads 34a and 34b. (Once 

=D again, differential signaling for the CDR data signal 

]% is optional, and the CDR data signal could instead be 

lf\ transmitted between elements 20 and 40 via a single 

lead.) 

W 15 At receiver 40 the differential REFCLK 

S3 signals on leads 26a % and 26b are applied to 

W conventional differential driver 42 in order to convert 

in the received REFCLK signals back to a signal on a 

Q single lead for application to CDR circuitry 50. 

20 Similarly, the differential CDR data signals on leads 
34a and 34b are applied to conventional differential 
driver 4 4 in order to convert the received CDR data 
signals back to a signal on a single lead for 
application to CDR circuitry 50. 
25 CDR circuitry 50 uses the received REFCLK and 

CDR data signals to extract from the CDR data signal a 
clock signal and a data signal. These signals are 
applied to deserializer 60, which converts the applied 
serial data to parallel data. The parallel data 
30 signals are applied to synchronizer 70 in synchronism 
with the clock signal produced by CDR circuitry 50. 
Synchronizer 70 buffers the parallel dat for ultimate 
application to PLD core 80 in synchronism with another 
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clock signal 82 supplied to synchronizer 70 by PLD core 80, 

FIG. 1A shows an alternative embodiment of 
CDR signaling apparatus 10' in which the reference 
clock signal source 22 f used by receiver 40 is separate 
from CDR signal source 20'. CDR signal source 20' may 
be basically the same as CDR signal source 20 in FIG. 1 
except that it does not need elements like 24 for 
outputting the reference clock signal for conveyance to 
receiver 40. Instead, a separate reference clock 
signal source 22 1 supplies the reference clock signal 
^0 to receiver 40 via leads 26a' and 26b f . Reference 

13 clock signal source 22' can be similar to reference 

52 clock signal source 22 in FIG. 1, and everything said 

]| about source 22 in FIG. 1 is equally applicable to 

- 15 source 22' in FIG. 1A (except, of course, that 

source 22' is separate from source 20' and does not 
provide an input or clock reference to source 30) . In 
addition it should be said that although there needs to 
be a precise, known, frequency relationship between 
20 sources 22 and 22 T , the frequencies of those sources do. 
not have to be the same (again, scale factors like 0.5, 
1, 2, 4, etc., can exist between these frequencies), 
and no particular phase relationship is required 
between sources 22 and 22 1 . Receiver 40 in FIG. 1A can 
25 be the same as receiver 40 in FIG. 1. 

Configurations of the type shown in FIG. 1A 
can be used when source 20' and receiver 4 0 are 
relatively far apart, possibly making it undesirable to 
have to run both CDR data leads 34 and reference clock 
30 leads 26 between widely spaced elements 20 f and 40. In 
that event, source 22' can be placed relatively close 
to receiver 40 so that only leads 34 need to be 
relatively long, while leads 26' can be relatively 
short. As a specific illustration, elements 20 f and 40 
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may be on respective different continents, with 
source 22 f being located near receiver 40 so that only 
intercontinental links are needed for the CDR data 
signals 34 themselves. (In this connection it should 
5 be pointed out that just as any of links 34, 26, 26 f 
can alternatively be single signals, they can 
alternatively be transmitted (in whole or in part) by 
means other than wire leads. For example, they can be 
wholly or partly transmitted by radio, light, or in any 

10 other suitable and desired way. The same is true for 
the signals requiring transmission in other embodiments 
such as the ones shown in FIGS. 7 and 7A. ) 

An illustrative embodiment of a portion 100 
of CDR . circuitry 50 is shown in more detail in FIG. 2. 

15 Circuitry 100 is basically a phase locked loop ("PLL" ) 
circuit and it will therefore sometimes be referred to 
as such herein. PLL 100 includes phase frequency 
detector ("PFD") circuit 110, which receives the REFCLK 
signal output by buffer 42 in FIG. 1 and the output 

20 signal of W prescaler circuit 140. PFD 110, which can 
be conventional, compares the phase and frequency of 
the two signals it receives and outputs a signal 
indicative of whether the output signal of preScaler 
140 should be speeded up or slowed down to better match 

25 the phase and frequency of the REFCLK signal. Charge 
pump circuit 120 (which can also be conventional) 
integrates the output signal of PFD 110 and produces a 
VCO current control signal appropriate to controlling 
voltage controlled oscillator ("VCO") 130 in the manner 

30 required to make the output signal of VCO 130 (after 

processing by W prescaler 140) better match the REFCLK 
signal with respect to phase and frequency. The output 
signal of VCO 130 is applied to W prescaler 140, which 
divides the VCO output signal frequency by a scale 
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factor W in order to produce one of the two signals 
applied to PFD 110. Scale factor W is the same value 
used in the above-mentioned relationship between REFCLK 
and EMBCLK . W prescaler 140 is preferably programmable 
5 or otherwise controllable to operate using any of 
several values of W. For example, the desired value 
of W may be stored in one or more programmable function 
control elements ("FCEs") which are part of 
receiver 40 ♦ 

10 From the description of PLL 100 provided thus 

far it will be seen that this circuit operates to cause 
VCO 130 to operate at a frequency which closely matches 
the EMBCLK frequency. VCO 130 outputs eight clock 
signals, all having the EMBCLK frequency but shifted in 

15 phase relative to one another so that they collectively 
divide the period of the EMBCLK signal into eight equal 
time intervals. VCO 130 may be programmable or 
otherwise controllable by the D signals to help it 
perform over a wide range of possible operating 

20 frequencies. For example, the D signals may control 

what may be referred to as a "coarse" adjustment of VCO 
100, while the VCO current control signal from charge 
pump 120 is responsible for a "fine" adjustment of the 
VCO. The desired value of D may be stored in one or 

25 more programmable FCEs which are part of receiver 40. 

The reset signal shown in FIG. 2 allows PLL 
100 to be reset and released to start in a controlled 
manner. For example, it may be necessary or desirable 
to reset PLL 100 when a loss-of-lock condition is 

30 detected in PLL 100. (This and other aspects of 

various reset operations are described in more detail 
later in : his specification.) The reset signal resets 
charge pump 120, VCO 130, and W prescaler 140. The W, 
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D, and reset signals may all come from PLD core 80 
(FIG. 1) . 

The power down signal shown in FIG. 2 allows 
PLL 100 to be turned off if it is not going to be used, 
5 This can be done by having the power down signal turn 
off the current to VCO 130. In the example of the VCO 
130 construction shown in FIG. 3 and described in more 
detail below, this can be done by turning off current 
source 131, thereby turning off the current to 
10 differential drivers 132. The power down signal may 
come from an FCE associated with PLL 100. Turning off 
PLL 100 in this way saves power if the PLL is not going 
]?2 to be used. 

,p An illustrative construction of VCO 130 is 

]^ 15 shown in part in more detail in FIG. 3. Differential 

Q drivers 132a-d are interconnected in a closed loop 

i a t 

!;? series. The time required for a signal transition to 

make one complete circuit of this loop (via either the 
true or complement path) is half the period of the 
20 clock signal. The speed at which each driver 132 

operates, and therefore the signal propagation speed of 
the loop, is determined (at least to some extent) by 
the amount of current supplied to the drivers from 
current source 131. The D signals (mentioned above in 
25 connection with FIG. 2) can be used to programmably 
select any one of several possible current ranges 
within which current source 131 can operate. The D 
signals therefore control the above-mentioned "coarse" 
adjustment of current source 131 and hence VCO 130. 
30 The VCO current control signal (from charge pump 120 in 
FIG. 2) provides additional dynamic control of the 
current supplied by currer-t source 131. In particular, 
the VCO current control signal adjusts the current 
supplied by current source 131 within whatever range 
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has been selected by the D signals. Thus the VCO 

current control signal provides dynamic "fine" 

adjustment of current source 131 and hence VCO 130. 

(The power down signal (also mentioned above in 
5 connection with FIG. 2) can be used to programmably 

turn off current source 131 in the event that PLL 100 

is not going to be used at all.) 

From the foregoing it will be seen that 

(within any of several possible frequency ranges 
m 10 selected using the D signals) , the frequency of the 

jG clock signal can be increased or decreased by changing 

q the VCO current control signal. The true and 

]?2 complement paths through the closed loop of drivers 132 

s g are collectively tapped at eight points that 

w 15 effectively divide the clock signal period into eight 

p equal time intervals. The signals at those eight 

pf points are output as the above-mentioned eight, equally 

ly phase-shifted, clock signals. 

]** Although single-ended drivers could be used 

20 in VCO 130 in place of differential drivers 132, 

differential drivers are preferably used for several 
reasons. One of these reasons is that differential 
drivers tend to be less susceptible to noise. 
Differential drivers can be more easily made to operate 
25 on smaller input signal swings (e.g., 300 millivolts 
instead of 3 volts) . Differential drivers can also 
more easily be made faster, better able to resist 
jitter, and more immune to noise. Another reason that 
differential drivers are preferred for VCO 130 is that 
30 differential output signals are needed from the VCO. 
It will also be understood that voltage control of 
VCO 130 could be used in place of the ab' v:e-described 
current control, but current control is presently 
preferred. 
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An illustrative embodiment of a further 
portion 150 of CDR circuitry 50 is shown in FIG. 4. 
Unlike PLL 100, which is typically at least 
predominantly analog circuitry, the circuitry 150 shown 
5 in FIG. 4 is preferably digital circuitry. Because it 
is both digital and operates like a phase locked loop, 
circuitry 150 is sometimes referred to herein as 
digital phase locked loop ("DPLL") circuitry 150. 

DPLL 150 includes phase detector 160, which 
i 3 10 receives both the CDR data signal (from driver 44 in 

% ? FIG. 1) and the clock signals output by multiplexer 

13 

p 190. As will be described more fully below, one of the 

jy two output signals of multiplexer 190 is intended for 

s p comparison with rising edges in the CDR data signal, 

15 while the other of the two output signals of 
Q multiplexer 190 is intended for comparison with falling 

!*? edges in the CDR data signal. Phase detector 160 

m compares the phases of the signals it receives and 

jj*? produces UP output signal pulses if the clock signals 

20 need to be speeded up to better work with the phase of 
the transitions in the CDR data signal, or DOWN output 
signal pulses if the clock signals need to be slowed 
down to better work with the phase of the transitions 
in the CDR data signal. These UP and DOWN signal 
25 pulses are applied to phase interpolation state machine 
162. 

Phase interpolation state machine 162 
responds to each UP and DOWN signal pulse by changing 
state internally. However, state machine 162 does not 
30 produce output signal pulses in response to every UP or 
DOWN signal pulse it receives. Instead, state machine 
162 outputs further UP or DOWN signal pulses only after 
a trend has emerged in the signals it receives. In 
other words, state machine 162 acts somewhat like a 
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digital low-pass filter to prevent the rest of the 
FIG. 4 circuitry from responding too quickly to what 
may turn out to be only a short-term indication of 
phase mismatch produced by phase detector 160. State 
5 machine 162 therefore builds some desirable latency 
into the circuitry shown in FIG . 4. (The debug output 
signals of circuitry 162 are optional and can be used 
for monitoring circuit performance if desired.) 

The UP and DOWN signal pulses that are output 

10 by state machine 162 are counted and decoded by up/down 
counter and decoder circuitry 164. (The debug output 
signals of circuitry 164 are again optional and are for 
further monitoring circuit performance.) Some of the 
outputs of circuitry 164 are used by clock multiplexer 

15 circuitry 170 to select (1) the two of the eight clock 
input signals from PLL 100 that work best with rising 
edges in the CDR data signal, and (2) the two of the 
eight clock input signals from PLL 100 that work best 
with falling edges in the CDR data signal. It should 

20 be apparent from what has just been said that each of 
these pairs of selected clock signals includes signals 
that are immediately adjacent to one another in phase 
(among the eight phases available in the eight clock 
signals) . It should also be apparent that each of the 

25 signals in each of these pairs will be 180° out of 

phase with a respective one of the signals in the other 
pair. Thus from eight input clock signals, circuitry 
170 dynamically selects four output clock signals. For 
example, if the eight input clock signals are numbered 

30 0-7 in phase order, circuitry 170 might during some 
period of time select clock signals 0 and 1 as best 
working with rising edges in the CDR data signal, and 
signals 4 and 5 as best working with falling edges in 
the CDR data signal. The four clock signals selected 
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by circuitry 170 are applied to analog interpolator 180 
and also to digital interpolator 182. The user of the 
device can elect to use either of these two 
interpolators . 

5 Analog interpolator 180 operates by dividing 

into eight equal sub-intervals the time interval 
between the two clock signals in each pair of clock 
signals that it receives from circuitry 170. The 
output signals of circuitry 164 that analog 
q 10 interpolator 180 also receives control the interpolator 

'8 to select one of these sub-intervals for each pair of 

i'fi . 

□ clock signals and to produce a shifted clock signal 

jfj synchronized with that sub-interval. The selected sub- 

<p interval (and thus the shifted clock signal) is the one 

w 15 that works best with the appropriate one of rising or 

13 falling edges in the CDR data signal. Thus the two 

shifted clock signals produced by analog interpolator 
y 180 are respectively optimized (or very nearly 

^2 optimized) to work with rising or falling edges in the 

20 CDR data signal. Multiplexer 190 can be programmably 
controlled . (by FCEs) to feed these two signals back to 
phase ,detector 160. The signal output by multiplexer 
190 to work with rising edges is also the recovered 
clock output signal of the FIG. 4 circuitry. In 
25 addition to its other functions (described above) , 

phase detector 160 passes the CDR data signal through a 
register that is clocked by one of the signals fed back 
from multiplexer 190 to produce the retimed data output 
signal of the FIG. 4 circuitry. This retimed data 
30 signal is the data signal that is further processed 

(using the recovered clock signal) by the apparatus of 
this inver. ' ton . > 

Turning now to digital interpolator 182, this 
circuitry receives the two pairs of clock signals that 
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are output by circuitry 170 and, based on a control 
signal from circuitry 164, selects the one signal in 
each pair with the better timing. Multiplexer 190 can 
be controlled to output the two signals selected by 
5 circuitry 182 for use (in lieu of the output signals of 
circuitry 180) as described above. 

The reset signal shown in FIG. 4 has a 
purpose generally similar to the reset signal in 
FIG. 2. Thus, when it is necessary or desirable to 
ri 10 reset DPLL 150 (e.g., due to a loss-of-lock condition 

^3 being detected) , the reset signal is asserted to reset 

13 elements 162, 164, 180, and 182. Like the reset signal 

jjl in FIG. 2, the reset signal in FIG. 4 may come from PLD 

% core 80 (FIG. 1) . 

^ 15 The power down signal in FIG. .4 is used to 

q gate off all eight input clock signals when DPLL 150 is 

not going to be used. With all of the clock input 
y signals gated off, the rest of the circuitry shown in 

FIG. 4 is not able to do any work and therefore 
20 consumes little or no power. 

From the foregoing discussion, it will be 
apparent that after a suitable period of operation, the 
output signal of DPLL 150 will have substantially the 
same phase and frequency as the clock signal embedded 
25 in the CDR data received via driver 44 in FIG. 1. The 
correct frequency is established by PLL 100, which also 
produces a family of clock signals having that 
frequency and several different candidate phases. DPLL 
150 picks the best candidate phases (the output signals 
30 of multiplexer circuitry 170) and then further refines 
the phase selection by making an appropriate adjustment 
or selection between the candidates. DPLL 150 can also 
take care of possible, relatively small differences in 
frequency between the PLL outputs and the clock 



information embedded in the incoming CDR data signal. 
In other words, DPLL 150 makes it possible for such 
relatively small frequency differences to exist without 
interfering with satisfactory CDR data transmission. 
5 This capability helps facilitate use of embodiments 
like that shown in FIG. 1A in which different 
sources 22 and 22 1 are used for the actual CDR clock 
and the REFCLK signals. 

An illustrative embodiment of deserializer 60 
i-i 10 (FIG. 1) is shown in more detail in FIG. 5. In this . 

;{3 embodiment deserializer 60 includes a multi-stage shift 

q register 200, a multi-stage parallel buffer register 

JfJ 210, and programmable divider 220. For example, each 

K p of registers 200 and 210 may have 20 stages and divider 

M * 15 220 may be programmable (using one or more FCEs) to 

□ divide the applied clock signal by any of several 

selectable values of J from 1 to 20. The serial, 
Id retimed, CDR data from DPLL 150 (FIG. 4) is applied to 

!^ the serial data input of shift register 200. Shift 

20 register 200 also receives the recovered CLK output of 
DPLL 150. Accordingly, shift register 200 shifts the 
serial CDR data into its several stages at the EMBCLK 
rate and in substantially perfect synchronism with the 
clock signal information embedded in the CDR signal. 
25 Each time divider 220 has received the number 

of clock pulses equal to the value of J, the output 
signal of divider 220 switches to a level which enables 
buffer register 210 to respond to a clock signal by 
storing the contents of the horizontally adjacent 
30 stages of shift register 200. In other words, shift 

register 200 stores data serially, and buffer register 
210 periodically receives and stores the cr tents of 
shift register 200 in parallel. J is the length of 
each word (i.e., the number of bits per word) output in 
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parallel by deserializer 60. Another output signal of 
deserializer 60 is a clock signal divided by J (i.e., 
the CLK/J signal) . 

The J and reset signals shown in FIG. 5 may 
5 come from PLD core 80 (FIG. 1) . Like other reset 

signals described above, the reset signal in FIG. 5 is 
used to reset divider 220 when it is necessary or 
desirable reset the circuitry (e.g., due to detection 
of a loss-of-lock condition) . 

10 An illustrative embodiment of synchronizer 70 

(FIG. 1) is shown in more detail in FIG. 6. In this 
embodiment synchronizer 70 includes RAM array 250, 
write address logic 260, and read address logic 270. 
These elements operate as a first-in/first-out ("FIFO") 

15 memory with independent reads and writes. Write 

address logic 2 60 may be basically a ring counter which 
counts (in a repeating cycle) the pulses in the CLK/J 
signal output by deserializer 60 (FIG. 5) . 
Accordingly, write address logic 260 addresses 

20 successive word storage locations in RAM array 250 in a 
repeating cycle in synchronism with pulses in the CLK/J 
signal. Assuming that the ENW signal has an 
appropriate level, RAM array 250 is enabled to receive 
and store data in signals from deserializer 60. In 

25 this way, successive parallel data words available from 
deserializer 60 are stored in successive word storage 
locations in RAM array 250. As has been said, writing 
into RAM array 250 is selectively enabled by the ENW 
signal, which may come from PLD core 8 0 (FIG. 1) , and 

30 which may be enabling as long as RAM array 250 is not 
producing a full output signal (described below) . 

Read address logic 270 may be basically 
another ring counter like write address logic 260. - 
Instead of counting clock pulses from deserializer 60, 
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however, read address logic 270 counts clock pulses 
(CORECLK) produced by PLD core 8 0 (FIG, 1) . 
Accordingly, read address logic 260 causes data words 
to be read from successive locations in RAM array 250 
5 (which locations are addressed in a repeating cycle in 
synchronism with the CORECLK signal) as long as such 
reading is enabled by the ENR signal. Like the ENW 
signal, the ENR signal typically comes from PLD core 80 
(FIG. 1), and is typically enabling as long as RAM 
13 10 array 2 50 is not producing an empty output signal 

!r? (described below) . The data words read from RAM array 

p 250 are applied to PLD core 80. 

]H From the foregoing, it will be apparent that 

*p RAM array 250 and its associated elements can operate 

w 15 to buffer data between two possibly different clock 

P regimes (i.e., the CDR clock and a PLD core clock) . 

For example, PLD core processing of data words can 
\u sometimes fall behind the incoming CDR data stream 

(e.g., during an interruption or slow-down in the 
20 CORECLK signal applied to synchronizer 70) . Then the 
PLD can process data faster again to catch up to the 
incoming CDR data stream. RAM array 250 (or associated 
elements) may produce full and empty signals applied to 
PLD core 80 to tell the PLD core when the RAM array is 
25 approaching full or empty conditions, respectively. 

For example, in response to a full signal, PLD core 80 
may speed up reading data from synchronizer 70 and/or 
the user may choose to have PLD core 80 respond to the 
full signal by using the ENW signal to stop further 
30 writing into RAM array 250. In response to an empty 
signal PLD core 80 may slow down reading data from 
synchronizer 70 and/or the user may choose to have PLD 
core 8 0 respond to the empty signal by using the ENR 
signal to stop further reading from RAM array 250. 
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The reset signal shown in FIG. 6 may be used 
to erase the contents of RAM array 250 whenever it is 
necessary or desirable to reset the circuitry (e.g., in 
response to detection of a loss-of-lock condition) . 
5 Like the other reset signals described above, the reset 
signal in FIG. 6 may come from PLD core 80 (FIG. 1) . 

FIG. 7 shows an illustrative embodiment of 
alternative CDR signaling apparatus 300 in accordance 
with the invention. Once again, although the major 
10 components 310 and 320 could be provided on the same 

integrated circuit, they are more typically portions of 
i3 separate integrated circuits or circuit assemblies. In 

jJJ FIG. 12, for example, component 320 could be associated 

e p with elements 500/600, while component 310 could be 

^ 15 associated with any other element (s) 1004, 1006, 1008, 

□ and/or 1010. 

I sj 

In apparatus 10, PLD core 80 is associated 
IjlJ with the receiver 40 of the CDR signal. In apparatus 

300, PLD core 80 is associated with the transmitter 320* 



20 of the CDR signal. Once again, to facilitate providing 
a programmable, PLD-based transmitter which can 
communicate with CDR receivers 310 having a wide range 
of expectations regarding the frequency of the CDR 
clock signal, apparatus 300 includes a reference clock 

25 signal source 22 in receiver 310. Elements 22, 24, 26, 
42, and 100 may all be similar to the correspondingly 
numbered elements in FIGS. 1 and 2. Accordingly, the 
output signal of reference clock signal source 22 has 
frequency (REFCLK) related to the desired CDR clock 

30 signal frequency (EMBCLK) by the relationship given 
earlier, namely, 

REFCLK*W = EMBCLK, 
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where again W is a convenient scale factor such as 0.5, 
1, 2, 4, etc. This reference clock signal is 
transmitted to transmitter 320 as described above in 
connection with FIG. 1. PLL 100 in transmitter 320 
5 processes this signal as described above in connection 
with FIG. 2 to produce an output signal having a 
frequency which is precisely equal to the desired CDR 
clock frequency. This signal can be any one of the 
eight clock signals shown as outputs in FIG. 2 because 
|- E 10 the phase of this signal does not matter. 

*3 (Conventional CDR signal receiver 350, described in 

p more detail below, is phase-generic and therefore not 

Ijj dependent on the received CDR signal having any 

,p particular phase.) 

' w 15 The CDR clock signal produced by PLL 100 (or 

P some multiple of that signal as described in more 

\*2 detail below) is applied to synchronizer 330 and 

(5j serializer 340. Synchronizer 330 also receives data 

j\ and clock signals from PLD core 80. Synchronizer 330 

20 uses the signals it receives to output the data from 
core 80 in synchronism with the CDR clock signal. 
Serializer 340 converts typically parallel data from 
synchronizer 330 to typically serial CDR data. The 
serial CDR data output by serializer 340 is transmitted 
25 to CDR signal receiver 350 via conventional 

differential driver 342, leads 344a and 344b, and 
conventional differential driver 346. (Elements 342, 
344, and 346 may be respectively similar to elements 
24, 26, and 42 in FIG. 1. Also as in FIG. 1 the use of 
30 differential signaling for the CDR data is optional.) 
Conventional CDR signal receiver 350 uses the clock 
information embedded in the received CDR signal to 
extract the data from that signal in the conventional 
way. 
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Like the apparatus shown in FIG. 1, the 
apparatus shown in FIG . 7 can be constructed to operate 
at any one of a wide range of CDR frequencies. 
Although not conventional for CDR signaling, the use of 
5 reference clock signal source 22 in receiver 310 to 
supply a reference clock signal to transmitter 320 
facilitates providing generic transmitter apparatus 
that is programmable to support such a wide range of 
CDR frequencies. 

12 10 FIG. 7A shows an alternative embodiment of 
•0 circuitry of the type shown in FIG. 7. The 

13 relationship between the FIG. 7 and FIG. 7A embodiments 
jy is similar to the relationship between the FIG. 1 and 

= p FIG. 1A embodiments. Thus FIG. 7A shows that reference 

w 15 clock signal source 22 1 can be separate from 

p receiver 310 (In other respects source 22* can be 

£ _ } 

similar to source 22.) As in the case of FIG. 1A, 
W providing a separate source 22', which can be close to 

li transmitter 320, facilitates locating elements 310' and 

20 320 relatively far from one another because only the 
CDR data signal (and not also the REFCLK signal) must 
be transmitted across the relatively great distance 
between elements 310' and 32 0. 

An illustrative embodiment of 

25 synchronizer 330 is shown in more detail in FIG. 8. 
In this embodiment synchronizer 330 includes RAM 
array 360, write address logic 370, clock divider 380, 
and read address logic 390. RAM array 3 60 receives 
parallel data words from PLD core 80 (FIG. 7) in 

30 synchronism with a CORECLK signal supplied by core 8 0 
to write address logic 370. Write address logic 370 
may be similar to write address logic 260 ir- FIG. 6 and 
therefore addresses successive data word storage 
locations in RAM array 360 in a repeating cycle. 
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Accordingly, successive data words supplied by PLD 
core 80 are stored in successive locations in RAM 
array 360 in a repeating cycle in synchronism with the 
CORECLK signal as long as writing is enabled by an ENW 
5 signal also supplied by core 80. Core 80 typically 
supplies a write-enabling ENW signal as long as RAM 
array 360 is not producing a full signal. 

Clock signal frequency divider 380 divides 
the CDRCLK signal output by PLL 100 (FIG. 7) by J. The 
|™ ; 10 value of J is preferably a programmable parameter of 

^0 the apparatus (e.g., stored in one or more FCEs) . As 

J5 i n the earlier discussion of FIG. 5, J is an integer 

jf] number equal to the number of bits in each parallel 

'jj* data word received by the FIG. 8 apparatus from PLD 

m 15 core 80 (FIG. 7) . The output signal of divider 380 is 

q applied to read address logic 390. Logic 390 may be 

= » i 

]*? similar to read address logic 270 in FIG. 6. 

jsj Accordingly, logic 390 addresses successive word 

j~ storage locations in RAM array 360 in a repeating cycle 

20 for reading data words from those locations in 

synchronism with the output signal of divider 38 0 as 
long as reading is enabled by an ENR signal also 
supplied by core 80. Core 80 typically supplies a 
read-enabling ENR signal as long as RAM array 360 is 
25 not producing an empty signal. Data read from RAM 
array 360 is applied in parallel to serializer 340 
(FIG. 7) . 

From the foregoing it will be seen that 
synchronizer 330 (like synchronizer 70 in FIG. 6) 
30 operates like a FIFO memory to buffer data between two 
possibly different clock regimes. In this case the 
data being buffered is data from PLD core 80 which is 
on its way to serializer 340. As has already been 
alluded to, synchronizer 330 may produce full and empty 
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signals to indicate to PLD core 80 when it is 
approaching a full or empty condition, respectively. 

The reset signals shown in FIG, 8 may be used 
to erase the contents of RAM array 360 and reset 
5 divider 380 whenever it is necessary or desirable to 
reset the circuitry (e.g., in response to detection of 
a loss-of-lock condition) . Like other reset signals 
mentioned herein, the reset signals in FIG. 8 may come 
from PLD core 80 (FIG. 7) . 
g -j 10 An illustrative embodiment of serializer 340 

*0 is shown in more detail in FIG. 9. In this embodiment 

i ••ft 

13 serializer 340 includes parallel data register 400 and 

]*} shift register 410. Clock frequency divider 380 from 

tt g FIG. 8 is also used again. Parallel data from RAM 

* y 15 array 360 is applied to register 400 and stored in that 

register in response to a CDRCLK signal pulse gated by 
the output signal of divider 380. (The CDRCLK signal 
y shown in FIG. 9 can be the same as the similarly 

j"? labeled signal in FIG. 8.) The data stored in register 

20 400 is transferred in parallel to shift register 410 in 
response to a CDRCLK signal pulse when the output 
signal of divider 380 indicates to register 410 that it 
should receive data during that CDRCLK signal pulse. 
During all CDRCLK signal pulses shift register 410 
25 shifts data toward its serial data output lead. In 

particular, shift register 410 shifts its contents one 
stage toward its serial data output lead in response to 
each CDRCLK pulse. Accordingly, serializer 340 
converts each parallel data word of J bits to serial 
30 CDR output data synchronized with the CDRCLK signal. 
The resulting CDR data signal is applied to 
differential driver 342 for transmission to receiver 
310 in the same way that the CDR data signal in FIG. 1 
is transmitted from source 30 to receiver 40. 
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FIG. 10 shows a representative portion of an 
illustrative embodiment of a PLD 500 which includes all 
the features of above-described receiver 40 (FIG. 1) 
and transmitter 320 (FIG. 7), plus additional features 
5 that will be described below. Elements in FIG. 10 that 
are similar to previously described elements have the 
same reference numbers that have already been used for 
those elements. In FIG. 10 suffix letters "a" and "b" 
are added to facilitate unique reference to elements 
10 that occur more than once. Reference numbers in the 
*0 500 series are used in FIG. 10 for elements that were 

: 1-1 

□ not specifically referenced in earlier FIGS, or that 

are added in FIG. 10 and therefore have no counterparts 
s p in earlier FIGS. Some elements are optionally modified 

15 or added in FIG. 10 to support signaling modes that are 
p alternative to the illustrative CDR signaling mode 

Vz discussed in connection with the earlier FIGS. For 

Ssj example, the reference clock signal supplied in FIG. 1 

12 or FIG. 7 does not have to be a differential signal, 

20 but can instead be a single-ended signal. FIG. 10 
shows apparatus for supporting that alternative. As 
another example, FIG. 10 shows apparatus for supporting 
non-CDR low voltage differential signaling ("LVDS" ). 
(For additional background regarding non-CDR LVDS 
25 (referred to hereinafter as LVDS) see, for example, 
Nguyen et al. U.S. patent application No. 09/340,222, 
filed June 25, 1999.) 

It should be noted that to avoid over- 
crowding the drawing, FIG. 10 does not repeat all the 
30 circuitry shown in some of the earlier FIGS. For 

example, FIG. 10 does not show again the various reset 
and power do^m' signals that are shown in some of the 
earlier FIGS. Nor does FIG. 10 show the ENW and ENR 
signals shown in certain earlier FIGS. It will be 
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understood, however, that these signals are preferably 
present in the FIG. 10 circuitry. 

Considering first the input aspects, FIG. 10 
shows two representative input clock subcircuits (e.g., 
5 for the reference clock signals used in connection with 
CDR signaling or, in the case of PLL 100b and 
associated circuitry, for alternatively receiving an 
LVDS clock signal) . FIG. 10 also shows two 
representative data input subcircuits (e.g., for 
10 receiving CDR or LVDS signals) . It will be understood 
that these various subcircuits can be used wholly or 
partly independently of one another or together in any 
\*\ of a wide range of combinations. For example, some 

]j| subcircuits can be used for CDR signaling while other 

^ 15 subcircuits are used for LVDS. It will also be 

q understood that device 500 may include more of any or 

l M all of these various kinds of subcircuits. 

i=j A typical clock input subcircuit includes 

j 3 elements 42a, 510a, 512, and 100a. Element 510a is a 

20 simple (i.e., non-differential) driver which can be 
programmably selected instead of . differential driver 
42a when the incoming clock signal (e.g., a CDR 
reference clock signal) is single-ended rather than 
differential. Programmable logic connector ("PLC") 512 
25 allows programmable selection of the clock signal 

applied to PLL 100a from among the output signal of 
drivers 42a/510a and the clock signals on any of 
several global clock signal conductors 520 in PLD 
core 80. One of these global clock signals may be 
30 selected when PLL 100a is being used, for example, to 
produce a clock signal for LVDS transmission. When 
used for that purpose, ..the clock signal produced by 
PLL 100a is output via LVDS differential driver 530. 
Transmission (including LVDS transmission) is discussed 



more extensively later in this specification. PLL 100b 
does not have an associated PLC 512 because PLL 100b is 
not usable for LVDS transmission. PLL 100b is, 
however, used for the clock signal that must accompany 
5 LVDS input. When used for CDR signaling as described 
earlier in this specification, PLL 100a receives the 
output signal of driver 42a or 510a, and outputs eight 
phase-shifted candidate CDR clock signals. A similar 
group of eight signals can be output by PLL 100b. 
i^. 10 In FIG. 10 each PLL 100 may have a further 

:5 output signal which is not shown in the earlier FIGS, 

p This is a "loss of lock" signal on the lead 514 

;0 associated with each PLL. The loss of lock signal is a 

s p flag indicating whether or not the associated PLL has 

m 15 locked onto the applied clock signal. The loss of lock 

13 signal value indicating a locked condition can be 

Yi produced, for example, after the output signal of 

y PFD 110 (FIG. 2) has been of relatively low magnitude 

H for a predetermined time interval. Otherwise the loss 

20 of lock signal is produced with a value indicating that 
lock has been lost. The signals on leads 514 are 
applied to PLD core 80 for any desired use by the 
programmable logic of the core. For example, core 80 
may be programmed to ignore data received from any 
25 subcircuit (s) for which loss of lock is currently being 
indicated and/or to produce the above-described reset 
signals for such subcircuit (s ) . 

Each DPLL 150 has an associated PLC 540 for 
allowing selection of either of the two groups of eight 
30 signals output by PLLs 100a and 100b for application to 
that DPLL. Thus each DPLL 150 can be used with either 
of PLLs 100.- Each DPLL 150 has an associated input 
differential driver 44 (e.g., for receiving a CDR 
signal) . Each DPLL 150 processes the applied CDR 
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signal and candidate CDR clock signals to produce a 
final CDR clock signal which is applied to associated 
elements 60 and 220 as described earlier in this 
specification. Each DPLL 150 also produces a retimed 
5 CDR data signal which is applied to associated 

element 60 (although to avoid over-crowding FIG. 10 
this is represented simply as a direct connection from 
the CDR data input driver 44 to the associated 
element 60) . (It should be noted here that DPLLs 150 
10 are not used at all for LVDS signaling. For this 

*6 purpose each DPLL 150 has an associated PLC 518 for 

i ft 

15 allowing a selected one of the eight output signals of 

|J PLL 100b to bypass that DPLL and to be applied to the 

% elements 60 and 220 associated with that DPLL. 

^ 15 Incoming LVDS data passes directly from an input driver 

q 44 to the associated deserializer 60 without the 

;^ associated DPLL 150 being used.) 

y As shown in FIG. 10, each DPLL 150 may also 

J'f have two other output signals not previously described. 

20 These are a "run length violation" flag signal on the 
lead 516 associated with each DPLL and a "digital loss 
of lock" signal on the lead 517 associated with each 
DPLL., The run length violation signal has a value 
indicating a run length violation whenever the 

25 associated DPLL 150 detects that more than a permitted 
number of CDR clock signal cycles has passed without a 
transition in the level of the applied CDR signal. 
Such a run length violation signal may be produced by a 
counter/comparator circuit in each DPLL 150. The 

30 counter counts each CDR clock pulse, but is reset by 
each transition in the CDR signal. The comparator 
compares the count in the counter to a predetermined 
(preferably programmable) value indicative of the 
acceptable number of CDR clock signal cycles or pulses 
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which can occur between transitions in a valid CDR 
signal. Whenever the comparator indicates that the 
counter count exceeds the acceptable number, the value 
of the run length violation signal is made to indicate 
5 that a run length violation has occurred. 

FIG. 10A shows an illustrative embodiment of 
circuitry 600 that can be used to produce RLV signal 
516. Up counter 620 in this circuitry counts recovered 
clock signal pulses (see FIG. 4 for source), but is 

10 reset to zero each time the output signal of EXCLUSIVE 
OR ("XOR") gate 612 goes high. XOR gate 612 receives 
the retimed data signal (see again FIG. 4 for source) 
via one of its inputs, and receives the output of 
register 610 via the other of its inputs. Register 610 

15 is clocked by the recovered clock signal to register 
the retimed data signal. The output of XOR gate 612 
will go high whenever one (but not both) of the inputs 
to that gate is high. Whenever the retimed data signal 
has a rising edge, the output signal of XOR gate 612 

20 will go high (thereby resetting counter 620) because 

register 610 will still be outputting the previous low 
level of the retimed data signal. Thereafter, the 
output of register 610 will go high, and if the retimed 
data signal has not had a falling edge, the output 

25 signal of XOR gate will go low, allowing counter 620 to 
begin counting. If this condition (i.e., no falling 
edge in the retimed data signal) persists for too many 
recovered clock signal cycles, counter 620 will reach 
the threshold count applied to it via leads 622. The 

30 threshold count parameter is preferably programmable 

(e.g., using FCEs) . As soon as the threshold count is 
reached, .counter 62 0 outputs a signal which sets 
register 630, thereby immediately changing the output 
signal of register 630 to logic 1 . On the next PLD 
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clock signal (from PLD core 80 (FIG. 10)) register 640 
registers the high output signal of register 630 and 
thereby produces RLV output signal 516 indicating that 
a run length violation has occurred. Register 630 
returns to outputting logic 0 in response to any PLD 
clock signal pulse after the set signal from counter 
620 has been removed. Circuitry 600 responds in the 
same general way to any falling edge in the retimed 
data signal which is not followed sufficiently soon by 
a rising edge in that signal. However, if rising and 
falling edges in the retimed' data signal are 
sufficiently close together in time, counter 622 is 
reset frequently enough so that the threshold count is 
never reached and no RLV flag signal 516 is produced. 

Although RLV detection could be alternatively 
provided in PLD core 80, including it in the CDR 
circuitry as shown herein may be advantageous because 
it conserves PLD core circuitry for other uses. It may 
also make the RLV flag signal 516 available earlier 
than it can be made available using PLD core 8 0 for RLV 
detection. RLV detection circuitry like circuitry 600 
makes use of the high-speed, recovered, CDR clock, 
which speeds the detection of an RLV condition. 

Returning to FIG. 10, the digital loss of 
lock signal 517 may be produced by a DPLL 150 under 
conditions similar to a PLL 100 producing a loss of 
lock signal 514, as described earlier in this 
specification. For example, the digital loss of lock 
signal may be produced by a DPLL 150 until that DPLL 
has been relatively stable for a predetermined period 
of time. The required period of stability is 
preferably pr^jrammable (e.g., via FCEs) -to facilitate 
using circuitry 500 with any of a wide range of DPLL 
frequencies . 
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Illustrative circuitry 700 for producing 
digital loss of lock ( "DLOL" ) signal 517 is shown in 
FIG. 10B. This circuitry allows any of several loss of 
lock time intervals or windows to be programmably 
selected (e.g., via FCEs supplying the multiplexer 
control signals on leads 702) . Each group a-n of 
elements 710/712/720/722/730/740 provides a respective 
one of the available DLOL time windows. Each time 
window is basically implemented by the delay of the 
elements 710 and 720 in the group of elements 
associated with that time window. Considering 
representative group a, for example, delay element 710a 
passes the retimed data signal (see FIG. 4 for source) 
after a certain amount of time delay. Delay 
element 720a passes the recovered clock signal (see 
again FIG. 4 for source) after that same amount of time 
delay. Register 712a receives the output signal of 
delay element 710a as a data signal and is clocked by 
the recovered clock signal. Register 722a receives the 
retimed data signal as a data signal and is clocked by 
the output signal of delay element 720a. A rising edge 
in the recovered clock signal should be approximately 
centered in each retimed data interval. If it is thus 
properly timed, both of registers 712a and 722a will 
capture the data and the output signal of the 
associated XOR gate 730a will logic 0, thereby 
indicating that there is no loss of lock problem. On 
the other hand, if the retimed data pulse is 
sufficiently late that the delay of element 710a makes 
it too late for registration by register 712a, then the 
output signal of register 712a may be logic 0 while the 
output signal of register 722a is logic 1. This causes 
the output signal of XOR gate to be logic 1, which 
indicates a loss of lock condition. Similarly, if the 
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retimed data pulse is too early relative to the 
recovered clock rising edge, the delay of element 720a 
will be sufficient to prevent register 722a from 
registering the data pulse. This may cause the output 
signal of register 722a to be logic 0 while the output 
signal of register 712a is logic 1. This will again 
cause the output signal of XOR gate 730a to be logic 1 
to indicate a loss of lock problem. 

Any logic 1 output signal produced by an XOR 
gate 730 is registered by the associated register 740 
D in response to the recovered clock signal. 

2: Multiplexer 750 is programmably controlled by the 

n signals on leads 702 (described earlier) to output the 

2 signal of any desired one of registers 740. The output 

Aj 15 signal of multiplexer 750 is therefore an error signal 

^ based on the delay window associated with the group of 

elements that includes the selected register 740. Any 
^ logic 1 output signal of multiplexer 750 immediately 

□ sets register 760. The setting of register 760 is 

2 0 counted by DLOL counter 77 0 when the next PLD clock 

signal is received. Counter 770 will continue to count 
as long as or whenever register 760 is set. 
(Register 760 is effectively reset by any PLD clock 
pulse that occurs while register 760 is not receiving a 
25 set signal from multiplexer 750.) When counter 770 
reaches a predetermined threshold count (supplied via 
leads 704 and preferably programmable (e.g., using 
FCEs)), counter 770 outputs a loss of lock flag signal 
via lead 517. Although not shown in FIG. 10B, 
30 counter 770 can be reset (e.g., by a signal from PLD 
core 80) whenever desired (e.g., after steps 
appropriate to detection of a loss of lock have been 
taken) . 
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The various different delays available in 
FIG. 10B may be chosen to be appropriate for detecting 
loss of lock in any of several different CDR clock 
frequency ranges. Thus the ability to programmably 
5 select any of several delay windows in useful in 
enabling the circuitry of this invention to be used 
with any of a wide range of CDR clock frequencies. 
This feature can also be used to provide different 
programmably selectable degrees of tolerance for drift 
10 between CDR data and the recovered CDR clock. The * 
^0 sensitivity of the DLOL circuitry is also programmably 

m selectable via the DLOL count select signals on 

IH leads 704. 

T | Returning once again to FIG. 10, run length 

^ 15 violation signals 516 and digital loss of lock signals 

q 517 are applied to PLD core 80 for possible use by the 

\^ programmable logic of the core. For example, core 80 

}sj may be programmed to suspend use of any incoming data 

H from a subcircuit or subcircuits for which the run 

20 length violation signal 516 has a value indicating that 
a run length violation is currently being detected 
and/or to produce the above-described reset signals for 
such subcircuit (s) . Similar action (s) may be taken in 
response to a digital loss of lock signal. 
25 The data signal from each driver 44 (actually 

from the associated DPLL 150 in CDR mode) is also 
applied to an associated deserializer 60. Each 
deserializer 60 also receives two clock signals, one 
from the associated PLC 518 and the other from the 
30 associated divider 220. Each deserializer 60 uses the 
applied signals to convert the applied serial data to 
successive parallel words of J bits each. The data can 
be either CDR input data or another form of input data 
such as LVDS . 



f • 



The output signals of dividers 220 (and also 
dividers 380) can also be applied to various ones. of 
global clock signal conductors 520 via PLCs 522 if it 
is desired to have any of these divider signals 
5 available as clock signals within PLD core 80. Of 

course, the signals on clock signal conductors 520 may 
be alternatively selected from other sources such as a 
local oscillator, a clock input pin, or an output 
.signal of logic elements in core 80. 

10 The parallel data output by each deserializer 

60 may be applied to the associated synchronizer 70 as 
described in connection with the earlier FIGS., or that 
data may bypass the synchronizer and be applied 
directly to PLD core 80 via the associated PLCs 540. 

15 The former routing is typically used for CDR signaling 
(although it can also be used for LVDS, if desired) , in 
which case the synchronizer 70 uses clock signals from 
both the associated divider 220 and from PLD core 80 to 
convey data across the temporal interface between the 

20 CDR (or LVDS) clock regime and a PLD core clock regime. 
In particular, a PLC 542 allows selection of a core 
clock signal for each associated synchronizer 70 from 
any of several sources in PLD core 80 (e.g., from any 
of global clock signal conductors 520 or from other 

25 suitable sources within core 80) . As has been said, 
the parallel data signals output by each synchronizer 
70 are applied to PLD core 80 via the associated PLC 
540 if the PLC is programmed to make that selection. 
As has also been said, each synchronizer 70 can be 

30 bypassed in order to apply the parallel outputs of the 
associated deserializer 60 directly to PLD core 80 if 
the associated PLC 540 is programmed to effect that 
signal routing. This may be done for CDR or LVDS input 
having the same clock as is used in PLD core 80. 
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Other output signals 544 of each synchronizer 
7 0 (e.g., the above-mentioned full and empty signals) 
are also applied to PLD core 80 for possible use (e.g., 
by the programmable logic of the core) . For example, 
5 PLD core 80 may use these signals to temporarily stop 
reading data from a synchronizer 70 that is currently 
producing an empty output signal. Alternatively or in 
addition, PLD core 80 may send a "stop" signal to a 
transmitter (e.g., like element 20 in FIG . 1) to stop 

10 the transmission of more data to a synchronizer 70 that 
is currently producing a full output signal. 

Considering now the output aspects, FIG. 10 
shows two representative data output subcircuits (e.g., 
for transmitting CDR or LVDS signals) . Each such 

15 subcircuit begins with a synchronizer 330 which 
receives parallel data from PLD core 80. 
Alternatively, this data may bypass a synchronizer 330 
via the associated PLC 550. This bypass routing may be 
used for LVDS, whereas the synchronizer route is 

20 generally used for CDR as described in connection with 
the earlier FIGS. Assuming routing via a synchronizer 
330, the synchronizer also receives a core clock signal 
from an associated PLC 552. Each PLC 552 allows 
selection of the core clock signal from any of several 

25 possible sources such as any of global clock signal 
conductors 520, from logic elements in core 80, etc. 
Each synchronizer 330 also receives a CDR or LVDS clock 
signal (after division by J) from an associated divider 
380. (Each divider 380 gets its CDR/LVDS clock signal 

30 from an associated PLC 360, which can select the 
CDR/LVDS clock signal to be used from one of the 
outputs of either of PLLs 100. .(-In the case of CDR, 
it is generally possible to use any of the eight 
outputs of the appropriate PLL 100. In the case of 
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LVDS, it may be desirable to select an output of PLL 
100a that will help to mitigate problems with skew.)) 
Accordingly, each synchronizer 330 can interface data 
between a PLD core clock regime and an external CDR or 
5 LVDS clock regime as described above in connection with 
the preceding FIGS. 

The PLC 550 associated with each synchronizer 
330 allows either the data output by the synchronizer 
or the data bypassing the synchronizer to be applied to 

10 the associated serializer 340. Other output signals of 
each synchronizer 330 (e.g., the earlier-described full 
and empty signals) may be applied to PLD core 80 via 
associated leads 554. PLD core 80 may use these 
signals in any desired way (e.g., similar to what is 

15 described above as possible uses for the full and empty 
output signals of synchronizer 70) . 

Each serializer 340 operates as described 
earlier to convert the parallel output signals of the 



U associated PLC 550 to serial data which is applied to 



20 the associated output driver 342. To do this, each 
serializer 340 uses clock signals that are related to 
one another by a factor of J introduced by the 
associated divider 380. As mentioned earlier, the 
source of these signals is one of the output signals of 

25 either of PLLs 100. If a serializer 340 is processing 
a CDR signal, the clock signals applied to that 
serializer come from a PLL 100 that is operating on a 
CDR clock reference signal supplied to PLD 500 via one 
of drivers 42 or 510. In the case of PLL 100a, the CDR 

30 clock reference is selected for application to that PLL 
by PLC 512. On the other hand, if a serializer 340 is 
processing an LVDS signal, the clock signals applied to 
that serializer come from PLL 100a, which in this case 
is operating on a clock signal (sometimes referred to 
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as an LVDS clock signal) from PLD core 80 (e.g., any of 
several leads 520) and selected by PLC 512. Because 
LVDS output signals typically include data and clock 
signals on separate leads, PLL 100a also outputs an 
5 LVDS clock signal via lead 528. This signal has an 
appropriate phase relationship to the signal on the 
output lead of PLL 100a that is applied to PLCs 360. 
After possible frequency adjustment by frequency 
divider 529, the LVDS clock signal on lead 528 is 

10 applied to differential driver 530, which converts the 
applied clock signal to two differential signals in 
accordance with LVDS standards for output from PLD 500. 
Thus PLD 500 may output both LVDS data signals via any 
one or more of drivers 342 and a synchronized LVDS 

15 clock signal via driver 530. 

Frequency divider 529 is provided because 
some users may want an LVDS clock output signal having 
a frequency different from the frequencies used by the 
elements 100a, 330, and 340 involved in producing the 

20 associated LVDS data output signal. For example, the 
LVDS data may be supplied by PLD core 80 in 20-bit 
words at 42 MHz. To process such data, PLL 100a will 
have to output clock signals at 840 MHz (i.e., REFCLK 
in PLL 100a is 42 MHz and W in that PLL is 20) . J in 

25 the associated LVDS data subcircuit will also be 20. 
However, the user may want a 420 MHz (not an 840 MHz) 
LVDS clock output signal from driver 530. Accordingly, 
frequency divider 529 is provided to allow the 840 MHz 
output signal on lead 528 to be divided by B (B=2 in 

30 the example being discussed) , so that driver 520 will 
receive and output a 420 MHz LVDS clock signal. 
Divider 529 is preferably programmable with respect to 
B (e.g., using one or more FCEs) , and B may therefore 
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have any of several possible values. B may be supplied 
to frequency divider 52 9 by PLD core 80. 

From the foregoing it will be seen that PLD 
500 can be programmed to use its input and output 
5 subcircuits in various ways. For example, any of a 
wide range of combinations of CDR and/or LVDS input 
and/or output can be taking place simultaneously. If 
two CDR subcircuits are being used, those subcircuits 
can have the same or different clock frequencies. Also 
10 if two subcircuits are being used, both can be input, 
*D. both can be output, or one can be input while the other 

is output. More replications of the data circuitry 
shown in FIG. 10 can be added so that each clock 
subcircuit can be used in combination with any desired 
-■•^ 15 number of data subcircuits. In order to support or 

=3 facilitate LVDS or other signaling modes that do not 

] M require use of deserializers 60 and/or serializers 340, 

jy other routing may be provided which allows data signals 

|=f to bypass those elements. In sum, it will be 

20 appreciated that just as the circuitry is programmable 
to support any of a wide range of CDR signaling 
protocols, it is similarly flexible with respect to a 
similarly wide range of non-CDR LVDS or other 
protocols . 

25 If desired, circuitry of the type shown in 

FIG. 10 may be augmented with additional circuitry as 
shown in FIG. IOC. Each data signal receiver 
subcircuit may include a PLC 560 connected in series 
between input driver 44 and the rest of receiver 

30 circuitry 60/ETC. (Although referred to for 

convenience herein as a programmable logic connector or 
PLC 560, element 560 may sometimes be dynamically 
controlled by PLD core 80. Nevertheless, the PLC 
terminology will continue to be used for convenience. 
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The same is true for PLC 570, and it can also be true 
for other PLCs described elsewhere in this 
specif ication. ) The other input to PLC 560 is the 
output of the transmitter circuitry 34 0/ETC. in an 
5 associated output data subcircuit. PLC 560 can select 
either of its inputs for application to receiver 
circuitry 60/ETC. PLC 560 is controlled to make this 
selection by the output signal of PLC. 562. PLC 562 is 
programmably controlled by FCE 564 to apply either a 

10 fixed logic 0 signal or an output signal of PLD core 80 
to the control input terminal of PLC 560, If fixed 
logic 0 is applied, then PLC 560 always applies the 
output signal of driver 44 to circuitry 60/ETC. If a 
PLD core 80 output signal is applied, that signal can 

15 be either logic 0 or logic 1, and the signal level can 
be different at different times during the operation of 
the apparatus. If the signal is logic 0, PLC 560 
connects driver 44 to circuitry 60/ETC. If the signal 
is logic 1, PLC 560 connects the output of transmitter 

20 circuitry 340/ETC. to circuitry 60/ETC. 



with respect to the output subcircuit shown in FIG. 
10C. Thus PLC 570 can apply either the output of 
transmitter circuitry 34 0/ETC. or the output of input 

25 driver 44 to driver 342. PLC 570 is controlled to make 
this selection by the output of PLC 572. The output of 
PLC 572 can be either fixed logic 0 or an output signal 
of PLD core 80, depending on the programmed state of 
FCE 574. If the output of PLC 572 is logic 0 (either 

30 fixed or from PLD core 80), PLC 570 connects circuitry 
340/ETC. to driver 342. On the other hand, if the 
output of PLC 572 is logic 1 (from PLD core 80), PLC 
570 connects the output of input driver 44 to driver 
342. 



Elements 570, 572, and 574 operate similarly 
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From the foregoing it will be seen that 
elements 560/570 and associated circuitry can be used 
to provide various different test loops. For example, 
element 560 can be controlled to route the output 
5 signal of transmitter circuitry 340/ETC. back to 

receiver circuitry 60/ETC This routing can be used to 
allow PLD core 80 to transmit test data via circuitry 
340/ETC. and to receive that data back via circuitry 
60/ETC. If the test data comes back to . PLD core 80 

10 accurately, core 80 knows that circuitries 340/ETC. and 
60/ETC. are operating properly. As another example, 
element 570 can be controlled to route test data 
received via driver 44 back out via driver 342. This 
is a convenient way to check the proper operation of 

15 drivers 44 and 342. Of course, another possible test 
mode is to pass test data received via driver 44 
through elements 560, 60/ETC, 80, 340/ETC, and 570 
and back out through (driver 342. Normal (i.e., non- 
test mode) routing has PLC 560 connecting driver 44 to 

20 circuitry 60/ETC, and PLC 570 connecting circuitry 
340/ETC. to driver 342. 

The various condition-monitoring signals 
(e.g., the loss of lock and run length violation 
signals) — as well as various operation checks that 

25 the user may program into PLD core 80 — and the 
various reset signals described throughout this 
specification can be used by PLD core 80 to 
automatically reset various portions of circuitry 500 
under various conditions. Two examples of such 

30 possible reset modalities are referred to herein as 
"global reset" and "channel reset." Global reset 
resets all PLLs J.00, all DPLLs 150, all counters 
(refers to counters/dividers/multipliers in PLLs, 
DPLLs, serializers, and deserializers), and all FIFOs 



(i.e., the RAM arrays 250 and 360). Channel reset 
resets the FIFOs in the pair of receiver and 
transmitter subcircuits that are associated with one 
another or paired to produce the channel being reset. 
Channel reset also resets the DPLL 150 in the channel 
being reset. The actual components reset in each 
element such as a PLL, DPLL, serializer, deserializer, 
or synchronizer FIFO will be more apparent from the 
destinations of the reset signals in the various FIGS, 
described earlier. 

As has been mentioned, the conditions under 
which the various types of resets are effected may be 
programmed into PLD core 80. For example, a global 
reset may be effected when a loss of lock signal is 
output by a PLL. As another example, a channel reset 
may be effected when any of the following conditions 
are detected: (1) a run length violation, (2) a digital 

(i.e., DPLL) loss of lock condition, or (3) a user- 
defined condition of error or abnormality (e.g., the 
user T s logic in PLD core 80 has found an error in a 
data transmission) . It should, of course, again be 
mentioned that the parameters used in detecting run 
length violation, loss of lock, and digital loss of 
lock are preferably programmable (e.g., via the 
programming of PLD core 80) . 

Although FIG. 10 shows everything on a single 
integrated circuit, in some embodiments it may be 
desirable to put some of the components and/or 
functions (in whole or in part) on a second integrated 
circuit. For example, FIG. 11A shows an illustrative 
embodiment in which all high frequency PLLs (like PLLs 
100 in- FIG. 10) and all DPLLs (like 150 in FIG. 10) are 
provided on one chip (integrated circuit) 810 in a 
multi-chip module 800. The other major functional 
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components in FIG. 10 (e.g., deserializers 60, 
serializers 340, synchronizers 70 and 330, and PLD core 
80) are provided on a second chip (integrated circuit) 
820 in the multi-chip module. Although separate from 
5 one another, chips 810 and 820 are preferably closely 
coupled to one another in the multi-chip module. For 
example, differential signaling may be used for all or 
most signals passing between chips 810 and 820. For 
some purposes (such as CDR and certain non-CDR but 

10 typically high frequency signaling) , chip 820 may 

communicate with external circuitry via chip 810. For 
other purposes, chip 820 may communicate directly with 
external circuitry. Separating the high frequency PLLs 
and DPLLs from other circuitry such as PLD core 80 may 

15 help to reduce high frequency interference with the 

operation of that other circuitry. Although FIG. 11A 
does not show how the various elements in chips 810 and 
820 are interconnected, it will be understood that 
these interconnections can be basically as shown in 

20 FIG. 10. 

FIG. 11B shows another illustrative 
embodiment of a multi-chip module 800 f in accordance 
with the invention. In FIG. 11B one chip 830 of the 
multi-chip module includes all high frequency PLLs 100 

25 and DPLLs 150' as in FIG. 11A (chip 810). In addition 
to this circuitry chip 830 also includes circuit 802 
for dividing the output signal of PLL 100 by 2 and 
applying the result to chip 840. Chip 830 also 
includes deserializers 60', synchronizers 70 f , 

30 synchronizers 330 serializers 340 f . Chip 830 is set 
up to do part of the work required to translate signals 
between a high-frequency external (e.g., a CDR) clock 
regime and a lower frequency PLD core clock regime. In 
particular, chip 830 performs the higher frequency part 



of this task. Chip 840 performs the lower frequency 
part of the task. Thus chip 840 has PLD core 80 and 
additional elements 60", 70", 330", and 340" that are 
respectively similar to elements 60 70 f , 330', and 
340 T , but that operate at lower frequencies. In the 
depicted illustrative embodiment chip 830 performs all 
tasks necessary to translate signals between the 
highest (or external) frequency to be associated with 
the information represented by those signals and one- 
half that highest frequency. Chip 840 performs the 
tasks necessary to translate signals between one-half 
the highest frequency and the PLD core clock frequency. 
The preceding is preferably true for both signal 
receiving and signal transmitting. In this way chip 
840 does not have to receive or otherwise deal with any 
signals having more than one-half the highest or 
external clock signal frequency. For example, if the 
system is handling CDR signals having a 1.25 GHz clock 
signal frequency, chip 830 does everything necessary to 
step that frequency down to 625 MHz for application to 
chip 840. Chip 840 sees no data or clock signal having 
a frequency higher than 625 MHz. This contrasts with 
the FIG. 11A embodiment in which chip 820 must still 
handle the highest frequency clock signals (e.g., from 
chip 810) , although it does not have on-board high 
frequency PLL or DPLL circuitry. 

A possible limitation of the FIG. 11B 
embodiment is that the overall frequency transformation 
must generally be a multiple of the divisor associated 
with element 802. (This divisor is not limited to 
being 2, but can be other numbers such as 3 or 4 . ) If 
the divisor is 2, for example, the system cannot 
conveniently deserialize or serialize odd word lengths 
(e.g., word lengths such as 3, 5, 7, etc.). As in the 
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case of FIG. 11A, differential signaling is preferably 
used for most or at least many of the signals passing 
between chips 830 and 840. 

In considering the FIG. 11B embodiment, it 
5 will be appreciated that because the data rate on data 
links between chips 830 and 840 is possibly less than 
the highest frequency data rate associated with a data 
connection of chip 830 to external circuitry, one 
external data connection of chip 830 may require more 
10 than one data link between chips 830 and 840. For 
=g example, if the divisor associated with circuit 802 in 

l£J FIG. 11B is 2, then each data connection of chip 830 to 

external circuitry requires two data links between 
chips 830 and 840. This will be more apparent from the 
15 following discussion of FIGS. 13A and 13B. Both of 
these FIGS, assume that the divisor associated with 
circuit 802 in FIG. 11B is 2, but it will be apparent 
how the FIGS. 13A and 13B circuits can be modified for 
other divisor values. 
20 FIG. 13A shows representative portions of 

data receiver circuitry in chips 830 and 840 in more 
detail. Deserializer 60 1 is very much like 
deserializer 60 in FIG. 5, except that it converts the 
serial input data signal having clock rate CLK to two 
25 parallel data output signals, each having clock rate 
CLK/2 and each containing a respective half of the 
original serial data input signal information. (Of 
course, these two output signals are still serial data 
signals.) Each of these two data output signals may 
30 pass separately through other circuitry on chip 830 

(e.g., sychronizers 70' (FIG. 11B) and output drivers 
(like output drivers 342 in FIG. 10)), and are then 
applied to chip 840. Synchronizers 70' may be used in 
these signal paths to help re-time the data output 



signals for better synchronization with the CLK/2 
output signal of divider 802, which output signal also 
passes out of chip 830 through other circuitry such as 
an output driver (e.g., like output driver 530 in 
FIG. 10) for application to chip 840. (Such re-timing 
may be necessary or helpful because deserializer 60 1 is 
working with a recovered CLK signal from a DPLL 150 on 
chip 830, but divider 802 is working with the output 
signal of a PLL 100 on chip 830. These two signals 
have the same frequency, but they may have different 
phases . ) 

On chip 840 in FIG. 13A each incoming data 
signal may initially pass through still other circuitry 
such as input drivers (e.g., like input drivers 44 in 
FIG. 10) , and is then applied to a respective one of 
deserializers 60a" and 60b". (Deserializers 60a" and 
60b" are shown sharing a single divider circuit 220", 
but separate divider circuits can be used instead if 
desired.) Each of deserializers 60" is again similar 
to deserializer 60 in FIG. 5, except that (as will now 
be clear) each deserializer 60" operates on only half 
of the original input serial data. In addition, the 
associated divider circuit 220" is only required to 
divide the CLK/2 signal it receives by J/2 (not J) . 
The parallel output signals of both of deserializers 
60a" and 60b" are collectively the full parallel data 
output version of the original serial data input 
signal. The parallel output signals can be further 
processed as described above (e.g., in connection with 
FIG. 10) . For example, a synchronizer 70" on chip 840 
may be used to re-time the parallel data signals to a 
clock regime asso iated with PLD core. 80.. 

FIG. 13B shows representative portions of 
data transmitter circuitry in chips 830 and 840 in'more 
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detail. Serializers 340a" and 340b M are each similar 
to serialize 340 in FIG. 9. Serializers 340a" and 
340b" are shown sharing a common divider circuit 380" , 
but each serializer could have its own divider circuit 
5 if desired. Each of serializers 340a" and 340b" 

converts a respective half of the total parallel input 
data to a respective one of two serial output signals. 
These signals leave chip 840 (e.g., via output drivers 
like output drivers 342 in FIG. 10) and are applied to 

10 chip 830. Input drivers (e.g., like 44 in FIG. 10) and 
other circuitry (e.g. , synchronizers 330 ') on chip 830 
receive and process these signals for application in 
parallel to the input side of serializer 340'. 
(Synchronizer 330' may be used to re-time the data 

15 signals from the PLL-based clock regime used by 

serializers 340a" and 340b" on chip 840 to the DPLL- 
based clock regime used by serializer 340 f on chip 
830.) Serializer 340 1 is again similar to serializer 
34 0 in FIG. 9 and converts the two data signals it 

20 receives in parallel to a single serial data output 
signal . 

FIGS. 13A and 13B thus show how some of the 
elements in chips 830 and 840 in FIG. 11B may be 
interconnected. Other interconnections among the 

25 FIG. 11B elements may be generally as shown in FIG. 10. 

FIG. 11C shows yet another illustrative 
multi-chip module embodiment 800" in accordance with 
the invention. In this embodiment chip 8 60 can be the 
same or substantially the same as device 500 in 

30 FIG. 10. However, interface chip 850 is added to 

"clean up" CDR signals received by the system before 
passing those signals on to chip 860, and/or to 
similarly "clean up" CDR signals produced by chip 860 
prior to passing those signals on to external 
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circuitry. Thus chip 850 may receive CDR signals from 
external circuitry. Chip 850 recovers the clock from 
those signals using PLL 100' and DPLL 150 f . Chip 850 
passes the CDR signals through synchronizer 70 1 (to 
5 buffer and/or re-time those signals) , and it may also 
output an associated REFCLK signal) . These output CDR 
signals of chip 850 will generally have better signal 
quality than what chip 850 received, although in all 
other respects the input and output CDR signals will be 
10 the same. Chip 860 receives these chip 850 output 
.'S signals and can handle them more reliably than the 

IB original signals because they are of better quality, 

in Deserialization is not required in chip 850 and can be 

^2 performed only in chip 860. Outbound signal processing 

lj 15 through chip 850 is analogous and involves use of 

;L synchronizer 330' to buffer and/or re-time between 

y input CDR signals from chip 8 60 and output CDR signals 

from chip 850 to external circuitry. As in FIGS. 11A 
□ and 11B, differential signaling is preferably used for 

20 many (if not most or all) signals passing between chips 
850 and 860. And, as is at least implied by the 
foregoing, CDR signaling is used between chips 850 and 
860 for signals that are either received by module 800" 
as CDR signals or that will be output by module 800" as 
25 CDR signals. As in the case of FIGS. 11A and 11B, 

interconnections among the various elements shown in 
FIG. 11C are generally as shown in FIG. 10. 

In the further discussion that follows all of 
the various types of multi-chip modules 800, 800 f , and 
30 800" that have been shown and described will simply be 
referred to using reference number 800 as a generic 
identifier. 

FIG. 12 illustrates a PLD 500 or multi-chip 
module 800 of this invention in a data processing 
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system 1002. Data processing system 1002 may include 
one or more of the following components: a processor 
1004; memory 1006; I/O circuitry 1008; and peripheral 
devices 1010. These components are coupled together by 
5 a system bus or other interconnections 1020 and are 

populated on a circuit board 1030 which is contained in 
an end-user system 1040. Any of the interconnections 
between element 500/800 and any other elements may be 
made using the above-described CDR or LVDS signaling. 
10 System 1002 can be used in a wide variety of 

sFj applications, such as computer networking, data 

JJj networking, instrumentation, video processing, digital 

if! signal processing, or any other application where the 

advantage of using programmable or reprogrammable logic 
fig 15 is desirable. PLD/module 500/800 can be used to 

L perform a variety of different logic functions. For 

I aJ example, PLD/module 500/800 can be configured as a 

H processor or controller that works in cooperation with 

13 processor 1004. PLD/module 500/800 may also be used as 

"~ 20 an arbiter for arbitrating access to a shared resource 

in system 1002. In yet another example, PLD/module 
500/800 can be configured as an interface between 
processor 1004 and one of the other components in 
system 1002. It should be noted that system 1002 is 
25 only exemplary, and that the true scope and spirit of 
the invention should be indicated by the following 
claims . 

Various technologies can be used to implement 
PLDs 500 or multi-chip modules 800 having the features 
30 of this invention, as well as the various components of 
those devices (e.g., the above-described PLCs and 
programmable function control elements ("FCEs" ) that 
control the PLCs) . For example, each PLC can be a 
relatively simple programmable connector such as a 
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switch or a plurality of switches for connecting any 
one of several inputs to an output. Alternatively, 
each PLC can be a somewhat more complex element that is 
capable of performing logic (e.g., by logically 
5 combining several of its inputs) as well as making a 
connection. In the latter case, for example, each PLC 
can be product term logic, implementing functions such 
as AND, NAND, OR, or NOR. Examples of components 
suitable for implementing PLCs are EPROMs, EEPROMs, 
10 pass transistors, transmission gates, antifuses, laser 
,0 fuses, metal optional links, etc. PLCs and other 

■5 circuit components can be controlled by various, 

f|l programmable, function control elements ("FCEs"). 

(With certain implementations (e.g., fuses and metal 
y 15 optional links) separate FCE devices are not required.) 

I- FCEs can also be implemented in any of several 

y different ways. For example, FCEs can be SRAMs, DRAMs, 

H first-in first-out ("FIFO") memories, EPROMs, EEPROMs, 

?□ function control registers (e.g., as in Wahlstrom U.S. 

? ~ 20 patent 3,473,160), ferro-electric memories, fuses, 

antifuses, or the like. From the various examples 
mentioned above it will be seen that this invention is 
applicable to both one-time-only programmable and 
reprogrammable devices . 
25 It will be understood that the forgoing is 

only illustrative of the principles of this invention, 
and that various modifications can be made by those 
skilled in the art without departing from the scope and 
spirit of the invention. For example, the numbers of 
30 the various types of resources on components 500/600 
can be different from the numbers present in the 
depicted and described illustrative embodiments. 



